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Claims Nov.: 

because they relate to subject matter not required to be searched by this Authority, namely: 
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|"~| Claimt Not 



because they relate to parts of the international application that do not comply with the prescribed requirements to 
such an extent that no meaningful international search can be carried out, specifically: 



5. I I Qaimt Not.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 
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I This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 



| 1 As all required additional search fees were timely paid by the applicant, this international search report covers all 

searchable claims 
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linked as to form a single inventive concept under PCT Rule 13.1. In order for all inventions to be 
searched, the appropriate additional search fees must be paid. 

Group I, Claim(s)1-6, drawn to a method of quantifying a target nucleic acid in a sample. 



Group II, Claim(s) 7-13, drawn to a method and kit for separating a specific nucleic acid from a 
sample comprising nucleic acids. 

Group III, Claim(s) 14-19, drawn to a method of quantifying a desired protein in a sample. 



2. The inventions isted as Groups I, II and III do not relate to a single inventive concept under 
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technical features for the following reasons: Groups II and III do not contain the special technical 
feature present in Group I. In particular, Groups II and III do not require the counting of microbeads 
in order to determine the quantity of the target nucleic acid molecule. 



Form PCT/ISA/810 (extra sheet) (July 1998)* 



PCT/US00/27883 

PATENT COOPERATION TREATY 





From the INTERNATIONAL BUREAU 


PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Commissioner 

US Department of Commerce 
United States Patent and Trademark 

Dffino PPT 
VJTTICe, r U 1 

201 1 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 
17 July 2001 (17.07.01) 




International application No. 
PCT/US00/27883 


Applicant's or agent's file reference 
1321.2.71 


International filing date (day/month/year) 
10 October 2000 (10.10.00) 


Priority date (day/month/year) 

08 October 1999 (08.10.99) 


Applicant 

STRAUME, Tore et al 


1. The designated Office is hereby notified of its election made: 


| X| in the demand filed with the International Preliminary Examining Authority on: 


16 March 2001 (16.03.01) 


HI] in a notice effectin 9 ,ater e'ection filed with the International Bureau on: 


2. The election | X| was 




| j was not 




made before the expiration of 1 9 months from the priority date or, where Rule 32 applies, within the time limit under 


Rule 32.2(b). 







Authorized officer 


The International Bureau of WIPO 




34, chemin des Colombettes 


H. Zhou 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/331 (July 1992) US0027883 



I 



■ ^tent coopekation tre^y 



STernational preliminary examining authority 



To: BARTON GIDDINGS 
MADSON & METCALF 
15 WEST SOUTH TEMPLE, SUITE 900 
SALT LAKE CITY, UT 84101 



Applicant's or agent's file reference 
1321. 2.71 



International application No. 
PCT/USOO/27883 



PCT 



NOTIFICATION OF TEANSMITTAL OF 
INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



(PCT Rule 71.1)- 



g££B % 22 APR 2002 

IMPORTANT NOTIFICATION 



International filing date (day /month /year) 
10 OCTOBER 2000 



Priority Date (day /month /year) 
08 OCTOBER 1999 



Applicant 

UNIVERSITY OF UTAH RESEARCH FOUNDATION 



the international preliminary examination report and its annexes, if any, estaDiisnea 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for 
commimicatioii to all the elected Offices. 

3 mere required by any of tire elected Offices, the International Bureau I"^*"^ °* 
r re^TSxt not. of "any annexes) and will transmit such translate to those Offices. 

4. REMINDER 

For further details on the applicable time limits and requirements of the elected Offices, see Volume n of the 
PCT Applicant's Guide. 



Name and mailing address of the 1PEA/US 
Commissioner of Patents and Trademarks 
Box POT 

Washington, D.C. 20231 



ized officer 

N WHISENANT, PH.D. (FSA) 





3) 308-0 ftee 




' %tent coopebation tbe%t 
PCT 

IOTERNATIONAL PRELIMINARY EXAMINATION REPORT 



(PCT Article 36 and Rule 70) 



I^Tcant's or agen^TfiiTreference 



1321.2.71 



■ see Notific^Tof Transmtol of national 

F^FWTHERACTION_^^ 

. — : : 1 «. A«t» fdnv/ month/year) 



) 



\ I II tmmared by this International Preliminary 

WORT consists of a total of U- sheete. ^ 



2. This 



These annexes consist of a total 



sheets. 



IT^^a^^ items: 

I [xj Basis of the report 

n Q Priority . step or industrial applicability 
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J~j Certain documents cited 
Vn □ certain defects in the international application 
Vffl □ certain observations on the internal 
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With regard to the elements of the international application: 
Q th e tnternattonal application as ongmally fried 
the description: 



pages 
, pages, 
pages 



the claims- 
pages 
pages 
pages _ 



, as originally filed 
filed with the demand 




(SeeAttached) 



, as originally filed 

— TTT^the^ under Article 19 

, as amended (together witn y ^ ^ ^ 




, filed with the letter of 



0 the drawing Attached) 

pages 

pages 
pages 

ra the sequence listing part of the description 

L£J (See Attached^ 

pages 

pages 



as originally filed 




, filed with the demand 



, filed with the letter of . 



, as originally filed 
, filed with the demand 



, filed with the letter of 



pages — bieorfumishedtothis Authonty in the language in which 

2 With regard to the language, all the elemen* JjdjdAaw £»j ^ ^ , tem . which is: 

2 ' SS Stional ««-g5KffiiSSS to Mthonty in the following language _ _— 

Theseelementswereavarlableorfumis . ourposes of international search (under Rule 23.1(b)). 

D the language of a translation furnished for the P ^ 
D the language of publication preto ry — 0- - « I 

□ the language of the translation furnished for the purpose 

° T 553) ' • , Pnce disclosed in the international application, the international 

3 . Withregardtoany -ting: 
preliminan examination was named out 

□ «o„t..n.d .n tun > ■« •» 

n f,w .o g «i», «<* *• 1 app """°" 10 p 

H fished - «* A-"* " WntK ° ,„ 

H fcrifed subsequent., to tuts Author,* in noutpu.et ■ fc ^ ,„ „ 

H Tun s— M «- W— — » ~** *" 

1 — I been furnished. 

nn The amendments have resulted in the cancellation of: 

4 '- 5J MflNF. 



Q the description, pages. 
3 the claims, Nos. _ 

Qthe drawings, sheets/ftg _ 



NONE 
NONE 



[x| the drawings, sheets/fig _NONE__ ^ ^ ^ ^ ^ ^ ^ consldered t0 g0 

5. □ This report has been drawn . , if Xsome J^JJ^^ ^ 70.2(c)).- 
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— 7 . . „ . A reeard to novelty, inventive step and indus trial applicability 

III. Non-establishment of opinion with regard to nove iy, 



— 1 ~Z hp noveL to involve an inventive step (to he non obvious), or to be 

r~] the entire international application. 
— £xj- - claims- Nos. .tM ~ 



b6Cai,Se: „ •,, l!lim Nn, relate to the following subject matter which 

1-1 the said international application, or the said claim Nos . relate 
□ L not "quire international preliminary examination (speafy). 



□ 



&e description, claims or drawings »"> « "* "~ ^ " ~ 

unclear that no meaningful opinion could be formed (specjy). 



SO 



adequately supported by the description that no meaningful 



□ the claims, or said claims Nos. _ are so in; 
opinion could be formed. 

S no international search report has been established for said claims Nos. HI- 



t v~ ™ried out due to the failure of the nucleotide and/or amino acid 
' St=rrTc?r t Administrative — . 

Q ,„e wrir.en form hrrs rrol been fnmrshed or does no, comply «* st.nd.rd 



Q the computer readable form has not 



been furnished or does not comply with the standard. 



INTE 



National preliminary examination report 



International application No. 
PCT/US0O/278S3 



O 




4. Consequently, the following parte 
in establishing this report 



of the international application were the subj ect of international pnUndnaij examination 



[ | all parts. 

rj the parte relating to claims Nos. JM^^ 
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. Reasoned statement under 
citations and explanations supporting such statement 



Article 35(2) with regard to novelty, inventive step or industrial applicability; 



statement 
Novelty (N) 



Claims 1-6 and 14-19 



Claims NONE 



Inventive Step (IS) 



Industrial Applicability (IA) 



Claims id* and 5-6 
Claims *. 1 4 - 19 



Claims 



1-6 and 14-19 



Claims NONE 



YES 
NO 

YES 
NO 



YES 
NO 



2. citations and explanations (Bule 70.7) 

-1 . / \ 1 * 1 6 He oriqinally filed Claims 14-16) lack an inventive step 

K^Cfst al" tlach u^a^rUd'e S^. (i... the Multisizer 

II by Coulter, Inc.) . 

2 ciaim(s) 14 and 17-19 (i.e. originally filed Claims 14, 17-19) lack an 
d. Claim(s) i* an Arti cle 33(3) as being obvious over Lucas et al. [US 
inventive step under PCT Article jj^i as UC11 ^ , rnq Pa tent No. 

Patent No. 5,783,387(1998)] in view of Lapidus et al . [US 
5,741,650(1998)] and Vlieger et al. (1992). 

Lucas et al. teach a method of quantifying a target nucleic acid 
which compriSs Ca a S li e of the limitation Recited ^.^^t th^^t^-^ 

- al the do is£MrSi£ m ^Ks^-rs?. to a2o te ss 

the quantity of a target n " c l% ic wh a ^ Finally, 

by a^hemiluminescence 

method. 

3. claims) 4 (i.e. originally filed Claim 4) lacks an ^^^^ 
ptt Article 33(3) as being obvious over Cox et al. [US Patent no. 
^145^784(1992)] in view of the Stratagene Catalog (1988). 

Cox et al. teach a method which utilizes magnetically (Continued on 
Supplemental Sheet . ) 
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CLASSIFICATION: National classification are as listed below: 

,PC m: ^SSSSS; 4,=,,. 536*,, ** «/* ,7, « 



I. BASIS OF REPORT: 

This report has been drawn on the basis of the description, 

paie(s) 1-7 12, 14-22, 24-25, 28-31, 33-38 and 40-52, as originally filed. 

page(s) 8-11, 13, 23, 26-27, 32 and 39 , filed with the demand. 

and additional amendments: 

NONE 

This report has been drawn on the basis of the claims, 

page(s) 53-59, as originally filed. 

page(s) NONE, as amended under Article 19. 

page(s) 60-61, filed with the demand. 

and additional amendments: 

NONE 

This report has been drawn on the basis of the drawings, 

page(s) 1-11 and 13-16, as originally filed. 

page(s) 12, filed with the demand. 

and additional amendments: 

NONE 

This report has been drawn on the basis of the sequence listing part of the description: 

page(s) NONE, as originally filed. 

pages(s) NONE, filed with the demand. 

and additional amendments: 

NONE 



IV LACK OF UNITY OF INVENTION: 

3. This Authority considers that the reefer,, of unity of invention in accordance with Ru.es 13.1. 13.2. and 13.3 is not 
complied with for the following reasons: 
Lack of Unity 

1 This application contains tha following inventions or groups o£ 

inventions which are not so Ig-d-^*"^ ?^I*\™Snt\s 
rr 9 n??.d^n r r«Sonsa e to 3 tnis I .c?ron: d ro C elact a singla invantion to whrch tha 
claims must be restricted. 

Group ,. Ciai-.s, 1-. drawn to a ^J^^^^J^^T^' 
£££tfSSX£t£ZZ S d an°in~l Of a first and a sacond nuclerc 
acid type. 

st o„p ii. .eui-C) »-» *— " • * " ethod " ^* ntl£yin9 " " ucl " C 

acid. 

2 . The inventions listed as Groups I-II do not relate ; *° * * 

4- ,^o-r PPT Rule 13 1 because, under PCT Rule i^.^, 
^J^^T&££JZ special' technics! feature,*,. 
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claims l-e are related in that they ™^^«^^J^JSS?" 
to magnetically responsive head and a »J»°J» P techni(:a l feature which 

non-responsive bead. Claimls) 14 19 lac* tm P C laim(s) 14-19 lack this 
SSB'SSlSi^'^'SiSSil--. Claims 1-. over the prior art 
they lack unity with Claim(s) 1-6 . 



I . During a telephonic interview with the applicant's representative, 

Evan Witt, on 14 March 2002 the examiner informed the applicant that th. 
Examiner/Office had ^^oS^fS) prior to establishment 

""a search ( re P or? P in oraer to correct this error the examiner/applxcant 
agreed to the following: A-D 

A . Th e examiner would apply a new lack of unity STcfSZ' 
S U% aP ori g rnaUy U "led Tlaimf^Vwould^e searched and subse q ue„tly 
examined . 

B . The e^l^tZ^ SaiSsTfin'the amendment™' 
Sece^OU^ S Ls l.ims -i-- t -"|*uJrth" r „ave Steady 
^fefrched ^examinf thefrTnorusion in the 409 will not result r„ a 
burden on the examiner. 

^ e M£tl^^^^ 
Claims 1-6 and 14-19 were examined. 



V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS 

responsive beads (i.e. first probe-bead complex) in 

cXnatlon with magnetically .^"^^ d b ^ r i^' 
second probe-bead complex) which second bead comprises 
a feature distinguishable from said first bead by size 
charge color or attachability to a solid support. 
Therefore it can be said that Cox et al, . teach all of 
the limitations of Claim 4 except these authors do not 
teach Placing their reagents into a kit However, as 
evidenced by the Stratagene Catalog teaching, it was 
SSl known^t the time If the invention to place the 
reaaents needed to perform a nucleic acid based assay 
into a kit format. Therefore, absent an unexpected 
result, it would have been prima facie obvious to the 
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ordinary artisan at the time of the invention to modify 
the teachings of Cox et al. with the teachings of the 
Stratagene Catalog wherein the reagents necessary to 
perform the method of Cox et al. are placed into a kit 
format The ordinary artisan would have been motivated 
to make Sis modification in order to take advantage of 
the savings and efficiency afforded by kits. Admittedly, 
Cox et al do not teach using their reagents as recited 
in Claim 4 but it must be noted that a recitation of the 
intended use of a claimed invention must result in a 
structural difference between the claimed invention and 
the prior art in order to patentably dist the 
claimed invention from the prior art If the prior art 
structure is capable of performing the intended use, 
then it meets the claim. 



A ciaim(s) 1-3 and 5-6 (i.e. originally filed Claims 1-3 and 5-6) meet the 
4. Claxm(s) 1 3 ana o v » because the prior art does not teach 

second biological entity as recited in Claims 1-3 and 5-6. 



NEW CITATION (S) 



The Stratagene Catalog. 1988, page. 39, see the 
document . 



We- 



'WO 01/27328 PCT/US00/27883 
According to this embodiment of the method, the first and second hybridization probes are 
designed to selectively hybridize to a first and a second nucleic acid sequence types, the 
nucleotide sequence aberration of which is associated with and/or characteristic of a disease. 
Only nucleic acids containing both the first and second nucleotide sequence types, the 
5 aberration of which is associated with and/or characteristic of a disease, will hybridize to both 

the first and second hybridization probes. As a result, after the first separation by magnetic 
force followed by washing, the separation of the beads complexed to the second hybridization 
probe, either by electric force, immobilization on a solid support, bead filtration, or particle 
size analysis, may be used to diagnose a disease associated with the particular nucleic acid 
10 aberration being detected. Examples of diseases that may be detected include (but are not 

limited to) cancers such as leukemia, lymphoma, melanoma, prostate, and cervical cancer. 

It is within the scope of the present invention that probe-bead attachments and 
hybridizations of probes to target nucleotide sequences can be performed in any order, as well 
as simultaneously. 

15 In another preferred embodiment of the invention, the present method can be used for 

separating and rapidly quantifying objects such as proteins, cells, organelles, and the like. 
Instead of using hybridization probes for binding to the target object, antibodies or other 
binding molecules, such as lectins, are used. It is merely required that there be at least two 
binding sites on the target for which there is a corresponding number of binding molecules. 

20 For example, a protein having two epitopes can be separated from other proteins provided 

that an antibody for binding each epitope is available for carrying out the separation. 
Example 4 teaches the separation of cells using the methods of the present invention. 

In another preferred embodiment of the invention, beads of different sizes can be used 
for carrying out separation steps. For example, if a small magnetically non-responsive bead 

25 is coupled to an antibody that recognizes one epitope and a large magnetically responsive 

bead is coupled to an antibody that recognizes another epitope, then nucleic acids, proteins, 
cells, organelles, and the like that bear both epitopes can be separated from other objects that 
lack both epitopes. A description of this embodiment of the invention is provided in 
Example 2 for nucleic acids and Examples 4 and 5 for cells. 

30 It will be recognized by those skilled in the art that at least the following differences 

among beads can be used for carrying out multi-step separations: the degree of magnetic 
responsiveness, the degree of charge responsiveness, selected bead size differences, selected 
bead color differences, and selected complexing agents on beads and supports. 
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The present invention also relates to a kit for separating and quantifying nucleic acid 
aberrations and diagnosing disease according to the methods of the present invention. In 
general, the kits of the present invention include beads with hybridization probes (e.g., 
magnetically responsive beads coated with type 1 probes and magnetically non-responsive 
5 beads coated with type 2 probes). The kits may also include vials with reagents, suitable 

solid supports, instructions for using the kit, and a calibration curve relating the measured 
quantity to the frequency of nucleic acid sequence aberrations in the target sample. 



5. BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

10 

FIGS. 1 A, IB, 2A, and 2B show exemplary methods for separating and isolating a 
chromosome translocation. FIG. 1 shows the isolation of DNA from a sample of cells, 
hybridization of the DNA to first and second hybridization probes, attaching the hybridized 
DNA to a first bead that is magnetically responsive and specifically complexes with the first 

15 hybridization probe and a second bead that is magnetically non-responsive and specifically 

complexes with the second hybridization probe, and a first separation step accomplished by 
subjecting the mixture of bead-attached hybridized DNA to a magnetic force followed by 
washing. At this stage, the beads can could be detached from the target DNA (e.g., by DNase 
treatment) and directly analyzed as described in Example 6. FIG. IB depicts a similar 

20 procedure in which the probes are attached to a non-magnetic solid support such as the inside 

surface of a well of a microtiter plate, permitting step 1 separation followed by bead counting 
or particle size distribution analysis. FIG. 2 A depicts the second separation step of DNA that 
contains both type 1 and type 2 sequences from a sample of cells, wherein the second bead is 
magnetically non-responsive but is electrically responsive, after the first step separation, the 

25 DNA containing both type 1 and type 2 sequences is then separated by application of an 

electric force. FIG. 2B shows the second separation step of DNA that contains both type 1 
and type 2 sequences from a sample of cells, wherein the second bead is capable of 
specifically complexing with the second hybridization probe and a solid support, after the 
first separation step, the DNA containing both type 1 and type 2 sequences is separated by 

30 complexing the second bead to a solid support, followed by washing. 

FIGS. 3A-B illustrate a pUC 19 plasmid and a 18.2 kb DNA insert used here as a 
model system to demonstrate the feasibility of the separation method presented in this 
invention. 
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FIG. 4 shows the sequences of the terminal ends (SEQ ID NO:l and SEQ ID NO:2) of 
the DNA insert seen in FIG. 3B and the 50mer probes (SEQ ID NOS:3-10) selected to be 
complementary for type 1 (one of the ends) and type 2 DNA (the other end). 

FIG. 5 shows Dynal and Bangs beads observed using a light microscope at 1000X 
5 magnification. In this case, beads were taken from the stock solutions, mixed, placed on a 

glass microscope slide, and viewed under oil immersion. 

FIG. 6 shows a microscope image of beads deposited on a glass slide after the bead 
solution (Dynal + Bangs) had been subjected to magnetic separation, but without 
hybridization to the 1 8.2 kb DNA. Note that no Bangs beads are seen (the few small dots are 
10 dust on lens as they can also be seen on the other images). 

FIG. 7 shows a microscope image following hybridization of beads to the 18.2 kb 
target DNA and magnetic separation. In this case, 1 ^il of Solution B was deposited on a 
slide and HA on the Bangs beads complexed with the anti-HA on the surface of the slide. 
After washing, only the Bangs beads attached to the slide. The Dynal beads, which were 
15 connected to the Bangs beads because they were both hybridized to the same DNA molecule, 

are also present on the slide. The presence of both Dynal and Bangs beads on this slide 
demonstrates that both were hybridized to the target DNA and that the separation procedure 
was successful. 

FIG. 8 illustrates the particle size distribution obtained for the two bead types 
20 following magnetic separation of the 18.2 kb target DNA sequence. In contrast with the 

results in Table 1, in this case, the larger non-magnetic beads were selected to place the non- 
magnetic bead peak in a region of lower background counts. The materials and methods used 
to obtain these results were the same as those used for Table 1 with the following differences: 
FIG. 8 used 4.4 fim diameter magnetically non-responsive polystyrene beads coated with 
25 streptavidin (Bangs Labs, Fisher, Indiana) whereas Table 1 used 0.94 \im diameter 

magnetically non-responsive polystyrene beads coated with streptavidin (Bangs Labs); FIG. 8 
used 5 \ig of 18.2 kb target DNA whereas Table 1 used 20 ^g of 18.2 kb target DNA; partial 
magnetic separation was done for FIG. 8 following DNase treatment to reduce (but not fully 
eliminate) the number of superparamagnetic beads to provide a lower background level while 
30 at the same time provide a 2.8 jim peak for comparison/illustration purposes; and for FIG. 8 

the final bead concentration was diluted two-fold just before generating the bead size 
distributions using the Coulter Multisizer II. It is clear that separation and quantification of 
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these bead types can be accomplished using our methods and commercially available particle 
analyzers. 

FIG. 9 illustrates Type 1 and Type 2 DNA and the beads with ECL labels and probes 
for detection of the non-magnetic beads by electrochemiluminescence (ECL). Note that the 
hybridization could occur in any order, prior to, during, or after complexing the probes with 
the beads. If attachment of probes to the beads is performed first in separate solutions, then 
both bead types can use the same complexing agents (e.g., avidin-biotin). However, if the 
probes are hybridized first (which is the preferred method) then the complexing agents 
binding the beads to the respective probes would be unique and specific for each bead-probe 
complex. In this case, we could use streptavidin coated magnetic beads that would complex 
with biotinylated probes and antidigoxigenin coated non-magnetic beads that would complex 
with digoxigenin labeled probes. As depicted, a magnet may be used to hold the complex in 
place during measurement. 

FIG. 10 shows the separation of erythrocytes containing the glycophorin MN surface 
proteins from all other erythrocytes. 

FIG. 1 1 illustrates a method for evaluating for the presence, absence, or amplification 
of nucleic acid sequences in a sample of nucleic acid. The examples of complexing agents 
are as follows: 1 = biotin; 2 = digoxigenin; 3 = estradiol; 4 = fluoresceine; 5 = anti- 
digoxigenin; 6 = anti-estradiol; 7 = anti-fluoresceine; and 8 = avidin. 

FIGS. 12A-D illustrate particle size spectra obtained using the PC A to detect bcr/abl 
fusions in genomic DNA isolated from human CML cells. FIGS. 12A-C are the spectra of 
microparticles observed in 500 p,l samples with 165 ng, 16.5 ng, and 0 ng of genomic K-562 
DNA, respectively. FIG. 12D is the result obtained with 16.5 ng genomic K-562 DNA when 
the probes were not present during hybridization. 

FIG. 13 illustrates a method to simultaneously separate and quantify selected target 
molecules (e.g., proteins) using antibodies and beads of different diameters. Magnetic (M) 
beads and non-magnetic (N) beads are complexed with selected antibodies that permit their 
unique attachment to different antigenic sites on the same target molecule. Note that the N- 
beads will remain after magnetic separation only if both antigenic sites are present on the 
same contiguous molecule. 

FIG. 14 shows the particle size distribution obtained using the described method to 
separate ferritin. 
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FIG. 15 shows the results obtained by repeating the separation in FIG. 14, but without 
ferritin in the target solution. 



6. DETAILED DESCRIPTION 

Before the present compositions and methods for separation and quantitation of 
aberrant nucleic acid sequences, other molecules, cells, and the like are disclosed and 
described, it is to be understood that this invention is not limited to the particular 
configurations, process steps, and materials disclosed herein as such configurations, process 
steps, and materials may vary somewhat. It is also to be understood that the terminology 
employed herein is used for the purpose of describing particular embodiments only and is not 
intended to be limiting since the scope of the present invention will be limited only by the 
appended claims and equivalents thereof. 

It must be noted that, as used in this specification and the appended claims, the 
singular forms "a," "an," and "the" include plural referents unless the context clearly dictates 
otherwise. 

In describing and claiming the present invention, the following terminology will be 
used in accordance with the definitions set out herein. 

In one illustrative embodiment, the present invention relates to a multi-step method 
for detecting and separating nucleic acid sequence aberrations. As used herein, the term 
"nucleotide sequence aberration 1 ' refers to rearrangements between and within nucleotide 
sequences, particularly chromosomes. Nucleotide sequence aberration also refers to the 
deletion of a nucleic acid sequence, particularly chromosome deletions. As used herein, the 
term "nucleic acids" refers to DNA and RNA of any origin, and any level of organization, 
e.g., DNA molecule, chromatin, chromosome. 

According to the method of the present invention, a nucleotide sequence aberration is 
detected by isolating and quantifying nucleotide sequences having both a first nucleotide 
sequence type (e.g., from a first chromosome) and a second nucleotide sequence type (e.g., 
from a second chromosome). The presence of the first and the second nucleotide sequence 
types on the same nucleic acid indicating the presence of a nucleotide sequence aberration. 

The method is referred to as a multi-step method because it involves at least two 
sequential separation steps. According to the method of the present invention, as illustrated 
in FIG. 1, the nucleic acid sample comprises chromosomal DNA isolated from a sample of 
cells. Chromosomal DNA may be isolated by any of the variety of methods known in the art. 
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For example, the DNA may be isolated by the method taught in U.S. Patent 5,447,841 and 
references therein; in Vooijs, et al,. Am. J. Hum. Genet. 52:586-597 (1993); or by using the 
GIBCO BRL TRIzol™ Reagent (Life Technologies, Gaithersburg, MD), or by using a 
QIAprep kit (Qiagen, Inc., Valencia, CA). 

Chromosomal DNA may be analyzed as whole chromosomes, chromosome 
fragments, chromatin fragments, or chromosomal DNA fragments, all of which are 
hereinafter referred to as chromosomal DNA. When analyzing chromosomal DNA for the 
presence of nucleotide sequence aberrations, the chromosomal DNA may be organized as an 
extended double strand, as extended nucleosomes, as chromatin fiber, as folded fiber, and as 
interphase, prophase, or metaphase DNA. Sandberg,"The chromosomes in human cancer and 
leukemia", Elsevier; New York (1980), pp. 69-73. 

The preferred chromosome organization for assaying chromosomal DNA for the 
presence of a nucleotide sequence aberration depends on the number of bases separating the 
first and second nucleotide sequence types being recognized by the first and second 
hybridization probes used to identify the aberration. The preferred size of beads is a function 
of the size of the piece of target DNA or RNA to be evaluated. For example, target pieces of 
DNA can range from less than a micrometer to several millimeters in length depending on the 
level of organization used and the degree to which the chromosomes are fractionated. For 
example, accurate quantification of the frequency of t(9;22) fusions in chronic myelogenous 
leukemia (CML) patients would require target DNA pieces on the order of a few hundred 
kilobases (less than 1 mm) if the DNA molecules are fully extended and only a few 
micrometers if the chromosomes are in the interphase level of organization. (Note that the 
position of the fusion point in CML patients can vary by about 225 kb.) 

Although it is within the scope of the present invention that probe-bead attachments 
and hybridizations of probes to target nucleotide sequences can be performed in any order, as 
well as simultaneously, as illustrated in FIG. 1, it is a preferred embodiment of this invention 
that the following order be used to reduce the number of complexing agents required (e.g., 
see Example 1). Two different probe-bead complexes are prepared in separate solutions. 
Solution I would contain the first hybridization probe with a member of a pair of first 
complexing agents capable of attaching to a complementary member of the first pair of 
complexing agents. Also contained in Solution I would be magnetically responsive beads 
coated with the complementary member of the pair of first complexing agents. The beads 
and hybridization probes would be combined in Solution I such that complexing of the pair of 
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centromeric probes can be used for both Type 1 and Type 2 DNA. These probes are available 
commercially for essentially all human chromosomes (e.g., Oncor, Inc). 
Target DNA 

The DNA used as hybridization target for this example of the present method is an 

5 1 8.2 kb insert in a pUC 1 9 plasmid (FIGS. 3 A-B). The double-stranded DNA insert was 

positioned at the plasmid's Sail site so that it could be removed from the plasmid by digestion 
with Sail restriction enzyme. 

The DNA insert was amplified by growing the plasmid in E. coli bacteria as follows. 
First, 4.2 \ig of plasmid DNA was diluted in 1000 jil distilled deionized water. One fj.1 of this 

10 solution was then used to electroporate the DNA into E. coli using a Bio-Rad electroporation 

apparatus (Bio-Rad, Inc.). The E. coli were immediately collected and placed in an incubator 
at 37 C for 30 min, followed by plating on agar medium (Luria-Bertani with ampicillin), and 
incubating at 37 C overnight. The next day, individual colonies were collected and grown 
overnight in 5 mL of liquid medium (Luria-Bertani with ampicillin). 

15 The plasmid DNAs were purified using a QIAprep-spin plasmid kit (#27104) 

according to manufacturer's protocol in QIAprep Miniprep Handbook, April 1998, pp. 18-19 
(Qiagen, Inc., 28159 Stanford Ave., Valencia, CA 91355). 

The purified plasmid DNAs were then digested with Sail to permit extraction of the 
18.2 kb target DNA insert. The Sal I restriction enzyme was obtained from Sigma at a stock 

20 concentration of 10,000 units/mL. To the plasmid solution (30 ^ig/132 nl TE) was added 15 

^1 Sail stock solution, 30 jil Sal I buffer from Sigma, and 135 ^1 distilled deionized water. 
After mixing, the reaction mixture was incubated at 37 C for 1 hour, then maintained at 4 C 
overnight. Before use, solutions were changed to fresh aliquots of B&W buffer (10 mM 
Tris-HCI, pH 7, 1 mM EDTA, 2 M NaCl). 

25 Then, the 1 8.2 kb target DNAs were extracted using phenol/chloroform/isoamyl 

alcohol (25:24: 1; v:v:v) as described in "Molecular Cloning: A Laboratory Manual", Second 
Edition, Sambrook et al., Eds. (1989) and washed with ether. DNAs were precipitated with 
100% ethanol after adding 3 M NaOAc to final concentration 0.3 M. The precipitated 
solutions were then stored at 0 C for 2 hours, centrifuged, and the supernates removed. 

30 Residues were washed with 70% ethanol and dried at room temperature in air. 

The extracted 18.2 kb DNAs were verified by agarose gel electrophoresis using 
standard methods. 
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that was then attached via its carboxyl end to the terminal amino end of the HA peptide. The 
biotinylated HA peptide was then attached to the Bangs beads to be used subsequently as a 
complexing agent for stage 2 separation involving anti-HA antibody. 

Next, the Bangs beads (2 mg/0.2 mL) were washed once with 1 mL of B&W buffer 
5 followed by one wash with 1 mL of TE. The beads were resuspended in 0.2 mL B&W 

solution. For the Bangs beads (which were non-magnetic), washing was accomplished using 
centrifiigation. 

Finally, the solutions of biotinylated probes I through IV and biotinylated HA peptide 
were mixed with the solution of Bangs beads. This mixture was gently shaken for 1 hour at 

10 room temperature, and then the reaction solution was removed by centrifiigation. The beads 

were then washed once with 1 : 1 (v/v) B&W buffer and TE, 0.4 mL each. The probe-coated 
Bangs beads were then resuspended in 0.4 mL B&W and stored at 4 C. 
Hybridization and Magnetic Separation (usually Stage 1 separation) 

The 1 8.2 kb target DNA was hybridized to probes on beads. Selected amounts 

15 (typically \xg quantities) of the 1 8.2 kb DNA were dissolved in 300 ^il 70% formamide 

denaturing solution (210 jxl formamide, 30 fxl 20x SSC, 60 jil distilled deionized water), then 
heated to 70 C for 5 min. The hot solution was immediately added to the cooled solution 
containing 10 ^1 Dynal beads (2 mg/0.2 mL TE), 10 [x\ Bangs beads (2 mg/0.2 mL TE), 75 ^1 
20x SSC, and 16.6 \il distilled deionized water. After mixing, 4.2 |xl 10% SDS and 4.2 ^il 

20 salmon sperm DNA were added. Hybridization was carried out in an incubator for 1 5 hours 

at 40 C with constant rotation of about 1 rpm. After cooling to room temperature, MPC was 
used to remove hybridization solution and unhybridized Bangs beads. The remaining beads 
were then washed once with 600 \i\ IX SSC, 0.2% SDS, for 6 min at room temperature. The 
MPC washing step was then repeated. The beads were next washed with 600 \x\ solution of 

25 0. Ix SSC, 0.2% SDS, for 10 min at room temperature. The MPC step was repeated, and then 

the beads were washed three times with distilled deionized water. The beads were next 
resuspended in 500 \i\ PBS. A 50 nl aliquot was taken as solution B (1.34 x 10 4 Dynal beads/ 
L), from which 5 |xl was mixed with 45 ^1 PBS to become solution C (1 .34 x 10 3 Dynal 
beads/ L). The remaining 450 \i\ solution was removed by MPC and 45 ^il PBS was added to 

30 become solution A (1.34 x 10 5 Dynal beads l\ L). Note: PBS buffer is 0.14 jig NaH,P0 4 , 

0.79 ^g Na 2 HP0 4 , 8.1 ^g NaCl in total 1000 mL distilled deionized water. 
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Filtration Separation 

If the magnetically responsive beads in solutions A, B, and C above were selected to 
be larger than the magnetically non-responsive beads, then Stage 2 separation could be 
accomplished by cutting the DNA connecting the two bead types (i.e., the 1 8.2 kb DNA 
molecule hybridized to both bead types can be digested by DNase or released from the 
magnetically-responsive bead via a cleavable linker) and filter the solution through a filter 
selected to permit only the smaller non-magnetic beads to pass through. The number of small 
beads could then be quantified using available methods such as a Coulter counter. Also, if a 
cleavable linker is used to release the DNA molecule from the magnetic bead then the DNA 
would be pulled along with the small non-magnetic bead through the filter and would thus 
permit recovery of the target DNA. Importantly, the number of small beads recovered after 
filtration should be proportional to the number of target DNA molecules (i.e., Type 1 + Type 
2 DNA) in the hybridization solution. An example of the filtration method is described in 
Example 2 below. 
Antibodv-Peptide Separation 

Attach antibody to glass slides. Streptavidin coated microscope slides obtained from 
Cell Associates, Inc. (www.cel-l.com) were washed 3 times with B&W buffer solution, then 
immersed in 20 mL solution containing 100 ng anti-HA-biotin (i.e., 10 mL TE, 9.5 mL Tris, 
0.5 mL of 200 |i.g anti-HA-biotin/mL). The slides were shaken for 30 min at room 
temperature, then allowed stand at room temperature for 18 hours. Next, the slides were 
washed five times (2 min each) with PBS. After air drying at room temperature, the slides 
were stored at 4 C. The anti-HA-biotin was purchased from Boehringer Mannheim 
Corporation (Indianapolis, IN). Then, 1 \i\ each of solutions A, B, and C (from Stage 1 
separation described above) was placed on the anti-HA coated slide at room temperature. 
After about 30 min, but before the 1 \il spots were dry, the slide was transferred into a slide 
box with a small amount of water in the bottom of the box (the water should not come in 
direct contact with the slide). The slides were incubated at 4 C overnight, then washed twice 
with PBS and once with distilled deionized water. The slides were then dried at room 
temperature. 

Detection and Quantification 

Light microscopy . The beads deposited on the slides were then viewed using a Nikon 
microscope at lOOOx total magnification (lOOx objective and lOx eyepiece). FIG. 6 shows a 
microscope image of a bead solution B (described above) deposited on a slide after probe 
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proportionality constant can be obtained from laboratory measurements using standard mixes 
of target DNA and bead-probe complexes. That is, just as routinely done for most kinds of 
measurement technologies, a standard curve would be used to convert the measured number 
of beads to the number of target DNAs in the original sample. 

Table I presents results obtained from a filtration experiment. In this case, three 
different solutions were filtered using the 2.0 |im Millipore filter system described above: (1) 
saline only without beads, (2) a solution containing both Dynal and Bangs beads which has 
been subjected to the complete hybridization conditions and reagents except that the 18.2 kb 
DNA was not included in the hybridization mix, and (3) a solution containing both Dynal and 
Bangs beads and hybridized with 20 jig of the 1 8.2 kb target DNA. The results demonstrate 
that without hybridization to the 18.2 kb DNA target molecule, the Bangs beads are not 
pulled along with the Dynal beads during magnetic separation. That is, without hybridization 
there is no significant difference between the bead counts and the saline background. This is 
due to the removal of all Bangs beads during the magnetic separation step and subsequent 
removal of all Dynal beads during the filtration step. 



Table I. Coulter Counter Results for Three Types of Filtered Solutions 




Mean Counts/ 100 L 


SD 


Filtered Saline 


145 


109 


Filtered beads*, w/o 
hybrid 


159 


20 


Filtered beads**, with 
hybrid 


2910 


300 



Table I shows particle counter results for three types of filtered solutions, filtered using 2.0 
\im Millipore filters (Fisher Scientific Cat. No. TTTP 013 00), wherein a Coulter counter 
Model Zf was used with a 30 \im aperture tube to measure the indicated solutions. The 
means and SDs are based on multiple measurements. 



In contrast, when hybridization is done then the Bangs beads are detected after 
filtration. This is due to the fact that both Dynal and Bangs beads are hybridized to the same 
1 8.2 kb DNA molecule. Hence, the Bangs beads are pulled along by the Dynal beads during 
the magnetic separation step, released from the Dynal beads by DNase treatment, and finally 
separated from the Dynal beads by filtration through a 2.0 m filter that only permits the 
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EXAMPLE 5 

Here we claim a new technology that provide a method for efficiently evaluating for 
the presence, absence, or amplification of nucleic acid sequences in a sample of nucleic acid. 
An example of the method is illustrated in FIG. 1 1 . 
5 In this method, the target nucleic acid can be DN A or RNA, single stranded or double 

stranded, fully purified, or as chromatin or chromosomes. Preferably, the nucleic acid would 
be extracted as purified nucleic acid (e.g., from cells) and evaluated as genomic or 
franctionated to segments of sizes, suitable for the particular evaluation being performed (e.g. 
by restriction enzyme digestion). The minimum length of the target nucleic acid is on the 
10 order of 10 bp (it has to be sufficiently long for near unique hybridization). There is no 

maximum limit for the length of the target nucleic acid, i.e., it could be the whole genome. 
MATERIALS: 

(A) Probes . Nucleic acid probes are made that are complementary to specific regions 
of the target nucleic acid to be evaluated. The individual probes can be of various lengths 

15 (typically 50 bp to 1000 bp) and each probe with two complexing agents, typically 

incorporated into the nucleic acid probe by available nick translation methods. 

(B) Antibodies . Antibodies are biotinylated and complexed with streptavidin-coated 
microspheres. The biotinylation includes a spacer between the antibody and the biotin 
molecule to limit interference with antibody-antigen binding. 

20 (C) Microspheres . Microspheres (typically, 1 to 20 ^im diameter polystyrene beads) 

are coated with streptavidin. Each bead size would be coated with only one kind of 
complexing agent. 
METHODS: 

(A) Extract nucleic acids (e.g., from cells) and process as desired using available 
25 methods. 

(B) Insert-peptide-dUTP into probes by available nick translation methods. 

(C) Hybridize the nucleic acid probes to the target nucleic acid in solution and purify 
to remove unhybridized probes. 

(D) In separate solutions, attach the biotinylated antibodies to their respective beads 
30 (one kind of antibody for each bead size). 

(E) Simultaneously, react the coated beads with the target DNA-probe complexes to 
attach the beads to their respective complexing agents on the probes. 
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20. A method for quantifying target nucleic acid molecules in a sample, 
wherein said target nucleic acid molecules comprise a first nucleotide region and a 
second nucleotide region that comprises one or more target nucleotide sequences up to a 
number, N, of target nucleotide sequences, said method comprising the steps of: 
5 (a) adding a probe mixture comprising N types of hybridization probes 

to the sample to create a hybridization mixture, wherein each hybridization probe 
comprises a first nucleotide sequence complementary to the first nucleotide region of the 
target nucleic acid molecules and a second nucleotide sequence that is complementary to 
one of the target nucleotide sequences, and wherein each hybridization probe is coupled 

10 to a first probe-bound complexing agent and a second probe-bound complexing agent, 
such that all hybridization probes comprising a particular target nucleotide sequence are 
coupled to identical second complexing agents; 

(b) adding a microparticle mixture comprising N types of 
microparticles to the hybridization mixture, wherein each type of microparticle comprises 

15 a microparticle-bound complexing agent specific for a particular second probe-bound 
complexing agent and wherein different types of microparticles are of different sizes, 
such that microparticles comprising microparticle-bound complexing agents specific for a 
particular second probe-bound complexing agent attach to nucleic acid molecules 
comprising the particular target nucleotide sequence; 

20 (c) separating nucleic acid molecules that comprise a first nucleotide 

region from the mixture by complexing the nucleic acid molecules that comprise the first 
nucleotide region on a solid support, wherein the solid support comprises a support- 
bound complexing agent that binds to the first probe-bound complexing agent, such that 
microparticles attached to a nucleic acid molecule comprising both the first nucleotide 

25 region and the particular target nucleotide sequence are complexed to the solid support; 

(d) washing to remove unattached microparticles; 

(e) freeing microparticles that are complexed to the solid support; and 

(f) counting the number of each type of microparticle to determine the 
number of each type of target nucleotide sequence in the sample. 
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21 . The method of claim 20, wherein the second probffiEAfllSinJlWR 2001 

agents comprise peptides and the microparticle-bound complexing agents comprise 
antibodies. 

22. The method of claim 21, wherein the antibodies are biotinylated. 

23. The method of claim 20, wherein the microparticles are polystyrene beads. 

24. The method of claim 23, wherein the microparticles range from about 1 to 
about 20 jxm in diameter. 

25. The method of claim 20, wherein the step of freeing the microparticles 
comprises adding a protease to digest the microparticle-bound complexing agents. 

26. The method of claim 1, wherein the solid support comprises a 
magnetically responsive microbead. 
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International filing date 
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10 OCTOBER 2000 


Applicant 

UNIVERSITY OF UTAH RESEARCH FOUNDATION 



. [3 The applicant is hereby notified that the international search report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The Applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46). 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
international search report; however, for more details, see the notes on the accompanying sheet. 

Where? Directly to the International Bureau of WIPO 
34-, chemin des Colombettes 
1211 Geneva 20, Switzerland 
Facsimile No.: (4- 1-22) 740. 14.35 

For more detailed instructions, see the notes on the accompanying sheet. 

. n The applicant is hereby notified that no international search report will be established and that the declaration under 
I I Article 17(2)(a) to that effect is transmitted herewith. 



□ 



With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

□ the nrotest together with the decision thereon has been transmitted to the International Bureau together with 
lher P pficantTreque St to forward the texts of both the protest and the decision thereon to the designated 

□ Offices, 
no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

Further action(s): The applicant is reminded of the following: 

Shortly after 18 months from the priority date, the international application will be published by the International Bureau^ 
f rhf rDlicarw.shes to avoid or postpone publication, a notice of withdrawal of the international appl.ca .on or of he 
priority must rUch the International Bureau as provided in rules 90 bis , and 9 0 to 3, respect.ve.y, before the 

completion of the technical preparations for international publication. 

priority date or could not be elected because they are not bound by Chapter II. 
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FOR FURTHER see Notification of Transmittal of International Search Report 
ACTION (Form PCT/ISA/220) as well as, where applicable, item 5 
below. 


International application No. 
PCT/US00/2788S 


International filing date (day /month/year) 
10 OCTOBER 2000 


(Earliest) Priority Date (day /month/year) 
OS OCTOBER 1999 


Applicant 

UNIVERSITY OF UTAH RESEARCH FOUNDATION 



This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to Jointer national Bureau. 

•t^S she 



This international search report consists of a total oi s ^ sheets. 

It is also accompanied by a copy of each prior art document cited in this report 



1. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 

language in which it was filed, unless otherwise indicated under this item. 

□ the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing: 

} _J contained in the international application in written form. 

[_j filed together with the international application in computer readable form. 

[ | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

□ the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the 

|~j the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished. 

2. [ 1 Certain claims were found unsearchable (See Box I). 

3. Qcj Unity of invention is lacking (See Box II). 
4-. With regard to the title, 

| x| the text is approved as submitted by the applicant. 

| j the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

xl the text is approved as submitted by the applicant. 



j 1 the text has been established, according to Rule 38.2(b), by this Authority as it appears in 

Box III. The applicant may, within one month from the date of mailing of this international 

search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 

^ ~j as suggested by the applicant. 

! | because the applicant failed to suggest a figure. 

J j because this figure better characterizes the invention. 



None of the figures. 
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CLASSIFICATION OF SUBJECT MATTER 

IPC(7) :C12Q 1/68; C07H 21/02, 21/04; Cl2N 15/00 
US CL -AS5/6; 536/2SA, 24.3; 935/76, 77, 78 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 435/6; 536/23.1, 24.3; 935/76, 77, 78 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields 
searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
EUROPATFULL, USPATFULL, CAPLUS, MEDLINE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y,P 



VAN DER PLOEG et al. Quantitation of Polymerase Chain Reaction 
Products by Hybridization-based Assays with Fluorescent, 
Color imetric, or Chemioluminescent Detection. Analytical 
Biochemistry. 1992. Vol. 205. No. 1. pages 1-7, see the entire 
document. 

WO 86/07387 Al (AMGEN) 18 December 1986, see the entire 
document. 

EP 0 304 845 A2 (PROFILE DIAGNOSTIC SCIENCES, INC.) 01 
March 1989, see the entire document. 

WO 00/055363 A2 (AMERSHAM PHARMACIA BIOTECH UK 
LTD) 21 September 2000, see the entire document. 



14-19 



14-19 



14-19 



14-19 



x 



Further documents are listed in the continuation of Box C. See patent family annex. 



'A" 

"E" 
"L" 



up. 



Special categories of cited docnmeuts: 

document defining the general state of the art which is uot considered 
to be of particular relevance 

earlier document published on or after the international filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 



document published prior to the international filing date but later 
than the priority date claimed 



"T" later docnment published after the international filing date or priority 

date and uot in conflict with the application but cited to understand 
the principle or theory underlying the inventiou 

"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

T document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document is combined 
with one or more other such documents, snch combination being 
obvious to a person skilled in the art 

"& M document member of the same patent family 



Date of the actual completion of the international search 
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Date of mailing of the international search report 
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US 6,027,879 A (LUCAS et al) 22 February 2000, see the entire 
document 

US 5,783,387 A (LUCAS et al) 21 July 1998, see the entire 
document 

US 5,731,153 A (LUCAS et al) 24 March 1998, see the entire 
document 

US 5,741,650 A (LAPIDUS et al) 21 April 1998, see especially 
Column 10 

US 4,861,705 A (MAKGBL et al) 29 August 1989, see the entire 
document 

US 4,812, 401 A (TAKNOWSKI et al) 14 March 1989, see the 
entire document 

US 4,935,147 A (ULLMAN et al) 19 June 1990, see the entire 
document 

US 5,279,936 A (VORPAHL) 18 June 1994, see the entire 
document 

US 5,145,784 A (COX et al) 08 September 1992, see the entire 
document 
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14-19 



14-19 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international report has not been established in respect of certain claims under Article I7(2)(a) for the following reasons: 



□ 



Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. I I Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to 

such an extent that no meaningful international search can be carried out, specifically: 



3. | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 



1. | | As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable claims. 

2- | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3 ' n As S ° me °^ ^ e ^q"' 1 *^ additional search fees were timely paid by the applicant, this international search report 
covers only those claims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timely paid by the applicant. Consequently, this international search 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
1-6 and 14-19 



-eport is 



Remark on Protest j j The additional search fees were accompanied by the applicant's protest. 

| j No protest accompanied the payment of additional search fees. 
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

Lack of Unity 

1 • This application contains the following inventions or groups of 
inventions which are not so linked as to form a single general inventive 
concept under PCT Rule 13.1. In accordance with 37 CFR 1.499, applicant is 
required, in response to this action, to elect a single invention to which 
the claims must be restricted. 

Group I: Claim(s) 1-6 drawn to a method for separating/quantifying a 
nucleic acid in a biological mixture and to a method for a disease or 
disorder associated with the presence in an individual of a first and a 
second nucleic acid type. 

Group II: Claim(s) 7-13 drawn to a method of quantifying a desired. protein . 

Group III: Claim(s) 14-19 drawn to a method a method of quantifying a 
nucleic acid. 

2 • The inventions listed as Groups I -III do not relate to a single 
general inventive concept under PCT Rule 13.1 because, under PCT Rule 13.2, 
they lack the same or corresponding special technical feature (s) . 

Claims 1-6 are related in that they require the use of a first probe 
attached to magnetically responsive bead and a second probe attached to 
magnetically non- responsive bead. Claim (s) 7-19 lack this special technical 
feature which distinguishes Claims 1-6 over the prior art. Because Claim (s) 
7-19 lack this special technical feature which distinguishes Claims 1-6 
over the prior art they lack unity with Claim (s) 1-6. 



3» During a telephonic interview with the applicant's representative, 
Evan Witt, on 14 March 2002 the examiner informed the applicant that the 
Examiner/Office had errored in that it had allowed the entry of Claim 
amendments (i.e. paper filed 06 December 2000 via FAX) prior to 
establishment of a search report. In order to correct this error the 
examiner /applicant agreed to the following: A-D 



A. The examiner would apply a new lack of unity requirement, as shown 
above, and the applicant would choose not to pay any additional fees such 
that Claims 1-6 (i.e. originally filed Claims 1-6) would be searched and 
subsequently examined, 

B. The examiner agreed to search and examine (i.e. include in the 409) 
originally filed Claims 14-19(i.e. Claims 1-6 in the amendment filed 06 
December 2000 via FAX) . Those claims which had already been searched and 
examined as a result of the examiner/office error. Because they have 
already been searched and examine their inclusion in the 409 will not 
result in a burden on the examiner. 



C. The examiner would mail a Supplemental Search Report to the applicant 
wherein originally filed Claims 1-6 and 14-19 were addressed. 

D. The applicant agreed to by-pass the 408 stage and instead receive a 
409 (i.e. an International Preliminary Examination Report) wherein 
originally filed Claims 1-6 and 14-19 were examined. 
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